Introduction
============

Chinese herbal medicines, especially combined herbal formulas, have been widely used to treat cardiac dysfunctions over the centuries.[@b1-cia-10-1173] Many herbal formulas have been shown to relieve cardiovascular diseases by stimulating blood circulation and supplementing vital energy.[@b2-cia-10-1173] It is possible that Chinese herbs may be used as a potential therapeutic strategy for alleviating cardiac failure. Huntington's disease (HD) has been considered primarily a neurodegenerative disease, but cardiac failure is also a cause of death in HD patients.[@b3-cia-10-1173]--[@b5-cia-10-1173] In addition to the brain, mutant huntingtin protein and poly-Q aggregates have also been found in cardiomyocytes of HD patients.[@b6-cia-10-1173] Huntingtin protein and poly-Q aggregates in cardiomyocytes may cause cardiovascular diseases such as cardiac dilatation, hypertrophy, fibrosis, and heart failure.[@b7-cia-10-1173] However, the connection of mutant huntingtin protein with the cardiac pathogenesis of HD patients remains obscure. The predicament of conventional pharmacological treatment in HD patients allows us to search for alternative treatments. One such possible alternative therapy for cardiovascular diseases in HD patients is using traditional herbal medicine.

In Taiwan, the Brion Research Institute of Taiwan has developed the herbal formula B307 as a health supplement. This herbal formula is widely used to enhance cardiovascular function. The main herbal ingredients of the herbal formula B307 are Ginseng (extracts from *Panax ginseng* Radix) and Danshen (extracts from *Salvia miltiorrhiza* Radix). Ginseng has been a widely used traditional herbal medicine for its multifunctional activities such as anti-excitotoxicity, antioxidation, and anti-inflammatory actions.[@b8-cia-10-1173]--[@b11-cia-10-1173] As for Danshen, it has been widely used to treat heart disease and ameliorate an atherosclerosis effect in humans and rodents.[@b12-cia-10-1173]--[@b15-cia-10-1173] Our previous study has shown that subcutaneous microcirculation of R6/2 HD mice was enhanced under oral B307 treatment. Furthermore, cardiac expressions of angiogenesis-related vascular endothelial growth factor and endothelial nitric oxide synthase in R6/2 HD mice were also enhanced under oral B307 treatment.[@b16-cia-10-1173] It is possible that effects of the herbal formula B307 in ameliorating cardiac failure in R6/2 HD mice may be facilitated through other protective mechanisms.

In this study, R6/2 HD mice served as the HD model for studying cardioprotection with oral B307 treatment in cardiac failure associated with HD. We examined and compared cardiac functions, expressions of inflammation, oxidative stress, and apoptosis-related proteins in the heart tissue between R6/2 HD mice under oral B307 and sham treatments. Our experimental results had demonstrated that the aqueous extract from the herbal formula B307 exhibited protective effects in the heart tissue of R6/2 HD mice. The cardioprotection of B307 is probably mediated by reducing inflammation, oxidative stress, and apoptosis. This study has proven our hypothesis and serves as an example by showing that botanical extracts have great potential in being developed as cardioprotective agents against cardiac failure in HD patients.

Methods
=======

Chromatographic fingerprint analysis of the Chinese herbal formula B307
-----------------------------------------------------------------------

The herbal formula B307 (supplied by Sun-Ten Pharmaceutical Company, Taipei, Taiwan) contains ingredients such as ginsenosides Rb1 from *P. ginseng*, rosmarinic acid, salvianolic acid B, tanshinone IIA from *Salvia miltiorrhiza*, schizandrin and gomisin A from *Schisandra chinensis*, and methylophiopogonanone B from *Liriope spicata*. All chemicals were solubilized in distilled H~2~O/MeOH and then analyzed. The chromatographic fingerprint analysis was done using high-performance liquid chromatography-grade acetonitrile (Burdick & Jackson, Gyeonggi-do, Korea) and methanol (Avantor, Center Valley, PA, USA). Moreover, a Milli-Q water purification system (EMD Millipore, Billerica, MA, USA) provided purified water to dissolve ingredients of the herbal formula B307. The half maximal inhibitory concentration (IC~50~) of the herbal formula B307 was evaluated by the (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) MTT assay.

MTT assay of the herbal formula B307
------------------------------------

Human neuroblastoma SH-SY5Y cells were plated in 96-well culture plates at a density of 3.0×10^4^ cells/well for complete attachment at 37°C with 5% CO~2~ for 24 hours, and then treated with the herbal formula B307 at doses of 5 mg/mL, 10 mg/mL, 20 mg/mL, 30 mg/mL, and 50 mg/mL for 24 hours to determine the IC~50~ of cytotoxicity. The culture medium was then removed, followed by incubation with 100 mL of MTT solution (0.5 mg/mL) at 37°C for 3 hours, and then, 100 μL of 10% sodium dodecyl sulfate −0.01 N HCl solution was added into each well and incubated at 37°C overnight to dissolve the formazan. The absorbance was measured at 570 nm with an enzyme-linked immunosorbent assay reader (uQuant, BioTek Inc., Winooski, VT, USA), and the results were expressed as the relative cell viability of treated cells against those of the controls.

R6/2 transgenic mouse model of HD
---------------------------------

Male R6/2 (B6CBA-Tg(HDexon1)62Gpb/1J; HD exon 1 of the human huntingtin gene with an expanded CAG repeat) mice and their wild-type littermate controls (WT) were bred in an animal facility of National Taiwan Normal University (NTNU). Breeder pairs of R6/2 HD mice were obtained from Jackson Laboratories (Bar Harbor, ME, USA). The R6/2 HD mice and their WT were housed and maintained on a 12-hour:12-hour light--dark cycle with water and food being given ad libitum. The genotyping of R6/2 HD mice was conducted by polymerase chain reaction at 4 weeks of age. All animals in the experiment were maintained according to the international guidelines for care and use of laboratory animals. All animal procedures have been approved by the Committee on Animal Research of NTNU and implemented under the guidelines of the Committee (Protocol number: NTNU Animal Use No 13017/November 26, 2013).

Oral B307 treatments in R6/2 HD mice
------------------------------------

Ten-week-old R6/2 HD mice and their WT were orally treated with either B307 extract (30 mg/mL, the pH value was closed to the 7.0) or their vehicle (dimethyl sulfoxide) twice daily for 2 consecutive weeks. We used gavage to orally treat the mice with B307 extract or their vehicle in this study. The dosage of B307 was 50 mg/kg, and the pH value of B307 extract was close to 7.0. All doses were adjusted according to the individual weight of each mouse. The dosage and administration of B307 extract in R6/2 HD mice was much lower than the dosage of IC~50~. Then, we compared cardiovascular performance, cardiac immunohistochemistry, and Western blotting among R6/2 HD mice and their WT under sham or oral B307 treatment at 12 weeks of age.

Life span, weight (body, heart, and brain), and motor analysis in R6/2 HD mice
------------------------------------------------------------------------------

Life span and body weight of the R6/2 HD mice and their WT were monitored daily. The heart and brain tissues removed from some of these R6/2 HD mice and their WT were also weighed. R6/2 HD mice euthanasia was judged under the circumstance of moribund, including lack of movement even after prodding and lying on the side with lack of righting reflex. For determining motor function and coordination, a rotarod testing was done in R6/2 HD mice and their WT by using a standard rotarod (Ugo Basile North America Inc., Schwenksville, Pennsylvania, USA). As described previously, mice were acclimatized to the apparatus at the minimum speed of 4 rpm for 20 seconds during each trial.[@b16-cia-10-1173] Once the mice were acclimatized, the rod was progressively accelerated from 4 rpm to 40 rpm over a duration of 5 minutes. Latency to fall from the rod was recorded and then analyzed.

Cardiovascular performance
--------------------------

Cardiovascular performance was assessed in R6/2 HD mice and their WT by using echocardiography (S-Sharp Corporation, Taipei, Taiwan, ROC). Echocardiography is a routine clinical procedure to diagnose cardiac functions of R6/2 HD mice and their WT. The mice were anesthetized, placed in a sealed box, and exposed to a 2% isoflurane gas (Baxter Healthcare, New Providence, RI, USA) at a flow rate of 2 L/min. Then, the mice were placed on a heated working platform for monitoring electrocardiogram and respiration gating. The anterior and left lateral thoracic regions of the mice were shaved, and US gel (Home Care Technology Co., Ltd, Tainan, Taiwan) was smeared as a coupling agent on their skin. The transducer (PB406; its center frequency and frame rate were 40 MHz and 30 Hz individually) was pasted to get left ventricular M-mode images. From pulsed-wave Doppler images, mitral and aortic blood flow velocities were measured from an apical view. By M-mode images, changes in left ventricular fractional shortening, ejection fraction, stroke volume, cardiac output, maximal mitral valve blood flow velocity, and maximal aortic valve blood flow velocity could be obtained from the R6/2 HD mice with and without oral B307 treatment, and of their WT. At least three stable consecutive cardiac cycles were selected and averaged for each mouse.

Cardiac immunohistochemistry analysis
-------------------------------------

Anesthetized R6/2 HD mice and their WT were cardiac perfused first with phosphate-buffered saline containing 4% formaldehyde. Then, cardiac tissue was removed and fixed with 4% formaldehyde (EM grade). The cardiac specimens were embedded in paraffin and cut into tissue sections with a thickness of 5 μm. The tissue sections were mounted on slides for histological and immunohistochemical (IHC) analysis. By using the heat-induced epitope retrieval method, the cardiac tissue sections were separately stained at room temperature for 1 hour with antibodies of mutant huntingtin (Cat ab45169, Abcam Inc., Cambridge, MA, USA), tumor necrosis factor alpha (TNF-α) (Cat \#11948, Cell Signaling Technology Inc., Danvers, MA, USA), superoxide dismutase 2 (SOD2) (Cat \#13141, Cell Signaling Technology Inc.), neurotrophin-3 (3-NT) (Cat ab61392, Abcam Inc.), 4-hydroxynonenal (4-HNE) (Cat ab46545, Abcam Inc.), B-cell lymphoma 2 (Bcl-2) (Cat sc-7382, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA), Bcl-2-associated X protein (Bax) (Cat \#MS-714, Thermo Fisher Scientific Inc., Waltham, MA, USA), cytochrome c (Cyto-C) (Cat \#1896-1, Abcam Inc.), calpain (Cat \#2539, Cell Signaling Technology Inc.), caspase 12 (Cat \#2202, Cell Signaling Technology Inc.), caspase 9 (Cat \#9504, Cell Signaling Technology Inc.), and caspase 3 (Cat \#9662, Cell Signaling Technology Inc.). As immunostaining controls for each antibody, serial 5 μm cross-sections were treated with the unanimous staining protocol. Immunostaining detection was executed by incubation with biotinylated secondary antibodies (Novolink™ polymer detection system l) at room temperature for 30 minutes, and then by incubation with avidin--biotin--horseradish peroxidase complex (Novolink™ polymer detection system l) for additional 30 minutes. Immunostaining visualization was performed with 3,3′-Diaminobenzidine (DAB) Chromogen (Novolink™ polymer detection system l) and counterstained with hematoxylin (Novolink™ polymer detection system l) following the supplier's protocol.

Cardiac Western blotting analysis
---------------------------------

The removed cardiac tissue was kept in a buffer solution to maintain pH till the preparation of Western blotting analysis. Thus, brain protein was subjected to sodium dodecyl sulfate--polyacrylamide gel electrophoresis, and transferred to a polyvinylidene difluoride membrane. This study used antibodies such as β-actin (Thermo Fisher Scientific Inc.), TNF-α (Cat \#11948, Cell Signaling Technology Inc.), SOD2 (Cat \#13141, Cell Signaling Technology Inc.), 3-NT (Cat ab61392, Abcam Inc.), 4-HNE (Cat ab46545, Abcam Inc.), Bcl-2 (Cat sc-7382, Santa Cruz Biotechnology Inc.), Bax (Cat \#MS-714, Thermo Fisher Scientific Inc.), Cyto-C (Cat \#1896-1, Abcam Inc.), calpain (Cat \#2539, Cell Signaling Technology Inc.), caspase 12 (Cat \#2202, Cell Signaling Technology Inc.), caspase 9 (Cat \#9504, Cell Signaling Technology Inc.), and caspase 3 (Cat \#9662, Cell Signaling Technology Inc.) to identify expression levels of these proteins in cardiac tissue by means of a horseradish peroxidase-linked secondary antibody. In addition, Enhanced chemiluminescence (ECL) Western blotting detection reagents (GE Healthcare Life Sciences, Piscataway, NJ, USA) were utilized to make immunoreactive bands perceivable. An ImageQuant LAS-4000 biomolecular imager (GE Healthcare Life Sciences) was used to detect the chemiluminescence. Image J software (version 1.48t, Wayne Rasnabd, Washington, DC, USA) was used to perform densitometric assessments of the bands.

Statistical analysis
--------------------

The data of cardiac performance, subcutaneous microcirculation, and Western blotting analysis were obtained from at least six independent experiments. Values for the data were expressed as the means ± standard error of the mean. Differences among R6/2 HD mice groups with oral B307 and sham treatments and their WT were evaluated by two-way analysis of variance. If a significant *F*-value was observed, the Student--Newman--Keuls multiple comparisons posttest was performed to determine where differences existed. The *P*-values of at least \<0.05 were considered significant.

Results
=======

Chromatographic fingerprint and IC~50~ of the herbal formula B307
-----------------------------------------------------------------

Chromatographic fingerprint analysis using high-performance liquid chromatography analysis for ingredients of the herbal formula B307 is shown in [Figure 1A](#f1-cia-10-1173){ref-type="fig"}. Bioactive marker substances for Ginseng Radix were ginsenoside Rb1; marker substances for Schizandrae Fructus were schizandrin and gomisin A; marker substance for Ophiopogonis Tuber were methylophiopogonanone B; marker substances for *Salviae Miltiorrhizae* Radix were rosmarinic acid, salvianolic acid B, and tanshinone IIA. [Figure 1B](#f1-cia-10-1173){ref-type="fig"} shows cell viabilities of SH-SY5Y cancer cells under B307 treatment using several dosage levels. Our data had shown that viability of SH-SY5Y cells was not significant under B307 treatment at 5--50 mg/mL (*P*\>0.05). Our results had also shown that the herbal formula B307 caused very little cytotoxicity to SH-SY5Y cells under treatment at a dose of less than 50 mg/mL (IC~50~ of B307 \>50 mg/mL).

Effect of oral B307 treatment on survival, body weight, motor performance, and heart weight of R6/2 HD mice
-----------------------------------------------------------------------------------------------------------

Life span of R6/2 HD mice with oral B307 and sham treatments and their WT is shown in [Figure 2A](#f2-cia-10-1173){ref-type="fig"}. Life span of R6/2 HD mice was 14--17 weeks for the sham treatment group, 17--21 weeks for the B307 treatment group, and \>22 weeks for the WT mice. Our results had shown that the average survival durations of the R6/2 HD mice were significantly longer under oral B307 treatment. [Figure 2B](#f2-cia-10-1173){ref-type="fig"} shows the measured body weights of R6/2 HD mice with oral B307 and sham treatments, and of their WT. R6/2 HD mice and their WT under oral B307 and sham treatment exhibited normal growth before 8 weeks of age. At 10 weeks of age, R6/2 HD mice with sham treatment began to lose body weight, but R6/2 HD mice under oral B307 treatment and their WT still exhibited normal growth in their body weight. The average body weight of R6/2 HD mice under sham treatment had been significantly reduced in comparison with their WT from 10 weeks of age and thereafter (*P*\<0.01). Furthermore, R6/2 HD mice under sham treatment exhibited significantly reduced body weight as compared with R6/2 HD mice under oral B307 treatment from 12 weeks of age and thereafter (*P*\<0.05). Furthermore, brain (cerebrum plus cerebellum) weight of R6/2 HD mice was significantly reduced in comparison with their WT from 10 weeks of age and thereafter. However, it had significantly increased under oral B307 from 10 weeks of age and thereafter. [Figure 2C](#f2-cia-10-1173){ref-type="fig"} shows the effect of oral B307 treatment on motor function of R6/2 HD mice under oral B307 and sham treatments and their WT by rotarod testing. We found that latencies of R6/2 HD mice with sham treatment were significantly reduced in comparison with those of their WT (*P*\<0.01). We also found that latencies of R6/2 HD mice under oral B307 treatment were significantly improved in comparison with the R6/2 HD mice under sham treatment from 10 weeks of age and thereafter (*P*\<0.01). [Figure 2D](#f2-cia-10-1173){ref-type="fig"} shows the heart weight of R6/2 HD mice under oral B307 and sham treatments, and of their WT. At 10 weeks of age, the R6/2 HD mice under sham treatment began to lose heart weight, but R6/2 HD mice under oral B307 treatment and their WT still exhibited normal heart weight. We found that the average heart weight of the R6/2 HD mice under sham treatment had been significantly lower than those of their WT and those of R6/2 HD mice under oral B307 treatment from 10 weeks of age and thereafter (*P*\<0.05). As shown in [Figure 2D](#f2-cia-10-1173){ref-type="fig"}, the cardiac expressions of myocarditis and mutant huntingtin aggregation in the R6/2 HD mice under sham treatment were obviously elevated in comparison with those of their WT. Furthermore, the cardiac expressions of myocarditis and mutant huntingtin aggregation in the R6/2 HD mice under oral B307 treatment were weaker than those of the R6/2 HD mice under sham treatment.

Effect of oral B307 treatment on cardiac function of R6/2 HD mice
-----------------------------------------------------------------

[Figure 3A](#f3-cia-10-1173){ref-type="fig"} shows echocardiographic evidence in 12-week-old R6/2 HD mice under sham and oral B307 treatments, and of their WT. By analysis of M-mode images in the hearts of R6/2 HD mice and their WT, it can be seen that the left ventricular fractional shortening, the ejection fraction, the maximal mitral valve and aortic valve blood flow velocity, and the stroke volume of the R6/2 HD mice under sham treatment were significantly lowered in comparison to those of their WT ([Figure 3B](#f3-cia-10-1173){ref-type="fig"}, HD(sham) vs WT, *P*\<0.01). The echocardiographic evidence of the R6/2 HD mice under oral B307 treatment was significantly enhanced in comparison to those of the R6/2 HD mice under sham treatment ([Figure 3B](#f3-cia-10-1173){ref-type="fig"}, HD(B307) vs HD(sham), *P*\<0.01). In this study, we also observed that echocardiographic evidence in both R6/2 HD mice under sham and oral B307 treatments had been significantly lowered in comparison to those of their WT ([Figure 3B](#f3-cia-10-1173){ref-type="fig"}, HD(sham) vs WT, *P*\<0.01; HD(B307) vs WT, *P*\<0.05).

Effect of oral B307 treatment on cardiac oxidative stress of R6/2 HD mice
-------------------------------------------------------------------------

Effects of oral B307 treatment on cardiac oxidative stress in aging R6/2 HD mice are reported in [Figure 4](#f4-cia-10-1173){ref-type="fig"}. [Figure 4A](#f4-cia-10-1173){ref-type="fig"} shows IHC staining of cardiac expressions of 3-NT, SOD2, and 4-HNE in 12-week-old R6/2 HD mice under sham and oral B307 treatments, and of their WT. As observed in the IHC staining, cardiac expressions of 3-NT and 4-HNE in the R6/2 HD mice were more obvious than those of their WT, but expressions of SOD2 in the R6/2 HD mice were weaker than those of their WT. Furthermore, oral B307 treatment reduced the cardiac expressions of 3-NT and 4-HNE but enhanced the cardiac expressions of SOD2 in R6/2 HD mice. By Western blotting analysis, [Figure 4B](#f4-cia-10-1173){ref-type="fig"} shows that the relative expressions of 3-NT and 4-HNE in the heart tissue of R6/2 HD mice under sham treatment were significantly increased in comparison to those of their WT ([Figure 4Bb](#f4-cia-10-1173){ref-type="fig"}, HD(sham) vs WT: 3-NT, *P*\<0.01; 4-HNE, *P*\<0.05), yet the relative expressions of 3-NT and 4-HNE in the heart tissue of R6/2 HD mice under oral B307 treatment had been significantly reduced in comparison with those of the R6/2 HD mice under sham treatment ([Figure 4Bb](#f4-cia-10-1173){ref-type="fig"}, HD(B307) vs HD(sham): 3-NT, *P*\<0.01; 4-HNE, *P*\<0.05). Furthermore, the expression of SOD2 in the heart tissue of R6/2 HD mice under sham treatment was significantly lower than those of their WT ([Figure 4Bb](#f4-cia-10-1173){ref-type="fig"}, HD(sham) vs WT, *P*\<0.01), but the relative expression of SOD2 in the heart tissue of R6/2 HD mice under oral B307 treatment had been significantly reduced in comparison with those of the R6/2 HD mice under sham treatment ([Figure 4Bb](#f4-cia-10-1173){ref-type="fig"}, HD(B307) vs HD(sham), *P*\<0.01).

Effect of oral B307 treatment on cardiac inflammation of R6/2 HD mice
---------------------------------------------------------------------

[Figure 5A](#f5-cia-10-1173){ref-type="fig"} shows IHC staining of cardiac expressions of TNF-α in 12-week-old R6/2 HD mice under sham and oral B307 treatments, and of their WT. As observed in the IHC staining, cardiac expressions of TNF-α in R6/2 HD mice were more obvious than those of their WT. Furthermore, oral B307 treatment reduced the cardiac expressions of TNF-α in R6/2 HD mice. By Western blotting analysis, [Figure 5B](#f5-cia-10-1173){ref-type="fig"} shows that the relative expression of TNF-α in the heart tissue of R6/2 HD mice under sham treatment was significantly greater in comparison to those of their WT ([Figure 5Bb](#f5-cia-10-1173){ref-type="fig"}, HD(sham) vs WT, *P*\<0.01), but the relative expression of TNF-α in the heart tissue of R6/2 HD mice under oral B307 treatment had been significantly reduced in comparison to those of the R6/2 HD mice under sham treatment ([Figure 5Bb](#f5-cia-10-1173){ref-type="fig"}, HD(B307) vs HD(sham), *P*\<0.01).

Effect of oral B307 treatment on cardiac apoptosis of R6/2 HD mice
------------------------------------------------------------------

Cardiac apoptosis in aging R6/2 HD mice under oral B307 and sham treatments is compared in [Figures 6](#f6-cia-10-1173){ref-type="fig"}[](#f7-cia-10-1173){ref-type="fig"}--[8](#f8-cia-10-1173){ref-type="fig"}. [Figure 6A](#f6-cia-10-1173){ref-type="fig"} shows IHC staining of cardiac expressions of Bcl-2, Bax, and Cyto-C in 12-week-old R6/2 HD mice under sham and oral B307 treatments, and of their WT. As observed in the IHC staining, cardiac expressions of Bcl-2 in R6/2 HD mice were weaker in comparison to those of their WT, but expressions of Bax and Cyto-C in R6/2 HD mice were more obvious than those in their WT. Furthermore, oral B307 treatment enhanced the cardiac expressions of Bcl-2, while it reduced the cardiac expressions of Bax and Cyto-C in R6/2 HD mice. By Western blotting analysis, [Figure 4B](#f4-cia-10-1173){ref-type="fig"} shows that the ratio of Bcl-2/Bax in the heart tissue of R6/2 HD mice was significantly reduced when compared with those of their WT ([Figure 6Bb](#f6-cia-10-1173){ref-type="fig"}, HD(sham) vs WT, *P*\<0.01), while the ratio of Bcl-2/Bax in the heart tissue of R6/2 HD mice under oral B307 treatment had been significantly reduced in comparison with those of the R6/2 HD mice under sham treatment ([Figure 6Bb](#f6-cia-10-1173){ref-type="fig"}, HD(B307) vs HD(sham), *P*\<0.01). Furthermore, expression of Cyto-C in the heart tissue of R6/2 HD mice was significantly greater than in their WT ([Figure 6Bb](#f6-cia-10-1173){ref-type="fig"}, HD(sham) vs WT, *P*\<0.01), while the relative expression of Cyto-C in the heart tissue of R6/2 HD mice under oral B307 treatment had been significantly reduced in comparison with those of the R6/2 HD mice under sham treatment ([Figure 6Bb](#f6-cia-10-1173){ref-type="fig"}, HD(B307) vs HD(sham), *P*\<0.05).

[Figure 7A](#f7-cia-10-1173){ref-type="fig"} shows IHC staining of cardiac expressions of calpain and caspase 12 in 12-week-old R6/2 HD mice under sham and oral B307 treatments, and of their WT. As observed in the IHC staining, cardiac expressions of calpain and caspase 12 in R6/2 HD mice were more obvious than those of their WT. Furthermore, oral B307 treatment reduced the cardiac expressions of calpain and caspase 12 in R6/2 HD mice. By Western blotting analysis, [Figure 7B](#f7-cia-10-1173){ref-type="fig"} shows that the relative expression of calpain, pro-caspase 12 (55 kDa), and cleaved (c-) caspase 12 (42 kDa) in the heart tissue of R6/2 HD mice was significantly higher in comparison with those of their WT ([Figure 7Bb](#f7-cia-10-1173){ref-type="fig"}, HD(sham) vs WT: calpain, *P*\<0.05; pro-caspase 12, *P*\<0.05; c-caspase 12, *P*\<0.05), while the relative expression of calpain, pro-caspase 12, and c-caspase 12 in the heart tissue of R6/2 HD mice under oral B307 treatment was significantly reduced in comparison with those of the R6/2 HD mice under sham treatment ([Figure 6Bb](#f6-cia-10-1173){ref-type="fig"}, HD(B307) vs HD(sham): calpain, *P*\<0.01; pro-caspase 12, *P*\<0.05; c-caspase 12, *P*\<0.05). [Figure 8A](#f8-cia-10-1173){ref-type="fig"} shows IHC staining of cardiac expressions of caspase 9 and caspase 3 in 12-week-old R6/2 HD mice under sham and oral B307 treatments, and of their WT. As observed in the IHC staining, cardiac expressions of caspase 9 and caspase 3 in the R6/2 HD mice were more obvious than those of their WT. Furthermore, oral B307 treatment reduced the cardiac expressions of pro-caspase 9, c-caspase 9, pro-caspase 3, and c-caspase 3 in R6/2 HD mice. By Western blotting analysis, [Figure 8B](#f8-cia-10-1173){ref-type="fig"} shows that the relative expression of pro-caspase 9 (49 kDa) and c-caspase 9 (39 kDa) in the heart tissue of R6/2 HD mice was significantly higher than those of their WT ([Figure 8Bb](#f8-cia-10-1173){ref-type="fig"}, HD(sham) vs WT: pro-caspase 9, *P*\<0.05; c-caspase 9, *P*\<0.05), while the relative expression of pro-caspase 9 and c-caspase 9 in the heart tissue of R6/2 HD mice under oral B307 treatment was significantly reduced in comparison with those of R6/2 HD mice under sham treatment ([Figure 8Bb](#f8-cia-10-1173){ref-type="fig"}, HD(B307) vs HD(sham): pro-caspase 9, *P*\<0.05; c-caspase 9, *P*\<0.05). [Figure 8C](#f8-cia-10-1173){ref-type="fig"} shows that the relative expression of pro-caspase 3 (35 kDa) and c-caspase 3 (17--19 kDa) in the heart tissue of R6/2 HD mice was significantly higher than those of their WT ([Figure 8Cb](#f8-cia-10-1173){ref-type="fig"}, HD(sham) vs WT: pro-caspase 3, *P*\<0.01; c-caspase 3, *P*\<0.01), while the relative expression of pro-caspase 3 and c-caspase 3 in the heart tissue of R6/2 HD mice under oral B307 treatment was significantly reduced in comparison with those of the R6/2 HD mice under sham treatment ([Figure 8Cb](#f8-cia-10-1173){ref-type="fig"}, HD(B307) vs HD(sham): pro-caspase 3, *P*\<0.01; c-caspase 3, *P*\<0.01).

Discussion
==========

In this study, clinical implications of our findings show that oral B307 treatment can benefit aging HD mice by promoting increased longevity, improved movement, and weight maintenance ([Figure 2](#f2-cia-10-1173){ref-type="fig"}). Furthermore, we found that oral B307 treatment may alleviate cardiac failure in aging HD mice via suppressing cardiac oxidative stress, inflammation, and apoptosis. Now the herbal formula B307 has been developed as a potential health supplement for ameliorating cardiac failure in aging patients. However, it is worth mentioning that the herbal formula B307 may have side effects for those patients taking anticoagulants.

It has been suggested that mutant huntingtin aggregation might have significant cardiotoxic effects in the heart tissue of R6/2 HD mice.[@b17-cia-10-1173] As observed in the heart tissue of R6/2 HD mice, we found that myocarditis and mutant huntingtin aggregation was more prevalent than in their WT, yet it was alleviated under oral B307 treatment ([Figure 2D](#f2-cia-10-1173){ref-type="fig"}). Our data provided evidence that oral B307 treatment may ameliorate cardiotoxicity and cardiac failure via reducing mutant huntingtin in heart tissue. Furthermore, a review paper suggested that mutant huntingtin arises from altered interactions with mitochondria-related proteins, thereby causing oxidative stress and inflammation.[@b18-cia-10-1173],[@b19-cia-10-1173] Oxidative damage and inflammation are believed to be intimately involved in the pathogenesis and progression in the brain of HD patients.[@b19-cia-10-1173]--[@b21-cia-10-1173] Previous studies have suggested that 3-NT and 4-HNE are two key markers of oxidative stress, while SOD2 is a key marker of antioxidative stress in cardiac mitochondrial injury.[@b22-cia-10-1173] We observed that expressions of 3-NT and 4-HNE in the heart tissue of R6/2 HD mice were significantly higher than in their WT, yet they were significantly suppressed under oral B307 treatment. Furthermore, expressions of SOD2 in the heart tissue of R6/2 HD mice were significantly weaker than their WT, while they were significantly enhanced under oral B307 treatment ([Figure 4](#f4-cia-10-1173){ref-type="fig"}). Evidence from our study supported that oxidative damage may have been implicated in the cardiac pathogenesis of the R6/2 HD mice, while oxidative damage in cardiac tissue of the mice can be ameliorated under oral B307 treatment. Inflammation is related to the induction of intracellular stresses such as oxidative stress and mitochondrial endoplasmic reticulum (ER) stress.[@b23-cia-10-1173] We observed that TNF-α expression in the heart tissue of R6/2 HD mice was significantly higher than in their WT, while being significantly lower when they were treated with oral B307 ([Figure 5](#f5-cia-10-1173){ref-type="fig"}). TNF-α is a marker protein of inflammation and widely found in inflammatory conditions.[@b24-cia-10-1173] Thus, evidence from our study supported that inflammation was also involved in cardiac pathogenesis in the R6/2 HD mice, while inflammatory damage in the cardiac tissue of the mice was ameliorated under oral B307 treatment.

It has been described that apoptosis is dominant in the pathogenesis of myocardial dysfunction.[@b25-cia-10-1173] In addition, mitochondria play a key role in apoptotic signal transduction.[@b26-cia-10-1173] Bcl-2 and Bax are members of the Bcl-2 family, and they regulate apoptosis by controlling mitochondrial integrity. Bcl-2 acts to inhibit apoptosis, whereas Bax counteracts this effect. The ratio of Bcl-2/Bax indicated the occurrence of apoptosis. Our data reported that the ratio of Bcl-2/Bax in the heart tissue of R6/2 HD mice was significantly lower than in their WT, while it was significantly enhanced under oral B307 treatment ([Figure 6B](#f6-cia-10-1173){ref-type="fig"}). In mitochondrial dysfunction-related apoptosis, the disruption of the mitochondria leads to the release of Cyto-C into the cytosol. Here, we observed that expressions of Cyto-C in the heart tissue of R6/2 HD mice were significantly higher than in their WT, while they were significantly suppressed under oral B307 treatment ([Figure 6](#f6-cia-10-1173){ref-type="fig"}). Moreover, ER stress has been reported to play a key role in apoptotic signal transduction.[@b26-cia-10-1173] In addition, calpain and caspase 12 are two key markers of ER stress-related apoptosis myocardial dysfunction.[@b26-cia-10-1173] Here, we found that both expressions of calpain and caspase 12 in the heart tissue of R6/2 HD mice were also higher than in their WT, while they were decreased in the R6/2 HD mice under oral B307 treatment ([Figure 7](#f7-cia-10-1173){ref-type="fig"}). It is well known that caspases 9 and 3 also play key roles in cardiac apoptosis.[@b26-cia-10-1173] Caspase 9 has been linked to the intrinsic mitochondrial death pathway. The release of Cyto-C from the mitochondria may trigger the activation of pro-caspase 9, and c-caspase 9 can activate the downstream effector caspases, such as caspase 3, which eventually lead to apoptosis. Here, we observed that expressions of pro-caspase 9 and c-caspase 9 in R6/2 HD mice were significantly higher than in their WT, while they were significantly reduced under oral B307 treatment ([Figure 8B](#f8-cia-10-1173){ref-type="fig"}). Furthermore, pro-caspase 3 and c-caspase 3 (19 kDa) in R6/2 HD mice were significantly elevated in comparison to their WT, but they were significantly reduced under oral B307 treatment ([Figure 8C](#f8-cia-10-1173){ref-type="fig"}). Based on the above discussion, we suggested that both mitochondrial dysfunction and ER stress-related apoptosis can be involved in cardiac pathogenesis of R6/2 HD mice, while apoptotic damage in the cardiac tissue of R6/2 HD mice can be ameliorated under oral B307 treatment. Furthermore, we observed higher quantified relative expressions of cardiac c-caspase 9 over c-caspase 3. It is possible that more mitochondrial dysfunction apoptosis than ER stress-related apoptosis was involved in cardiac pathogenesis of the R6/2 HD mice.

As summarized in [Figure 9](#f9-cia-10-1173){ref-type="fig"}, our studies demonstrated that mutant huntingtin aggregation ([Figure 2D](#f2-cia-10-1173){ref-type="fig"}), oxidative stress ([Figure 4](#f4-cia-10-1173){ref-type="fig"}), inflammation ([Figure 5](#f5-cia-10-1173){ref-type="fig"}), mitochondrial dysfunction-related apoptosis ([Figures 6](#f6-cia-10-1173){ref-type="fig"} and [8](#f8-cia-10-1173){ref-type="fig"}), and ER stress-related apoptosis ([Figures 7](#f7-cia-10-1173){ref-type="fig"} and [8](#f8-cia-10-1173){ref-type="fig"}) are involved in cardiotoxicity in aging R6/2 HD mice, while oral B307 treatment can attenuate cardiotoxicity in aging R6/2 HD mice via suppressing huntingtin aggregation ([Figure 2D](#f2-cia-10-1173){ref-type="fig"}), oxidative stress ([Figure 4](#f4-cia-10-1173){ref-type="fig"}), inflammation ([Figure 5](#f5-cia-10-1173){ref-type="fig"}), mitochondrial dysfunction-related apoptosis ([Figures 6](#f6-cia-10-1173){ref-type="fig"} and [8](#f8-cia-10-1173){ref-type="fig"}), and ER stress-related apoptosis ([Figures 7](#f7-cia-10-1173){ref-type="fig"} and [8](#f8-cia-10-1173){ref-type="fig"}). These results provide evidence for the possible cardioprotective effects of the herbal formula B307 in aging patients.

We thank Prof Chiung-Mei Chen (Department of Neurology, College of Medicine, Chang-Gung University, Taoyuan, Taiwan) for providing R6/2 HD mice. We acknowledge Sun-Ten Pharmaceutical Company for the technical assistance. This work was supported by the Industry-University Cooperative Grant of Brion Research Institute of Taiwan, Top University Project of NTNU, and Transnational Research Centers Grant (103T3040B04) from NTNU. The funding agency had no role in the study design, data collection/analysis, and the decision to publish the manuscript.

**Disclosure**

The authors report no conflicts of interest in this work.

![Chromatographic fingerprint analysis and SH-SY5Y cell viabilities of the herbal formula B307.\
**Notes:** (**A**) HPLC characteristic peaks of B307: (a) Ginsenosides Rb1 (from *Panax ginseng*), (b) schizandrin, gomisin A (from *Schisandra chinensis*), (c) rosmarinic acid, salvianolic acid B, tanshinone IIA (from *Salvia miltiorrhiza*), and (d) methylophiopogonanone B (from *Liriope spicata*); they were identified and marked at the corresponding peaks in the fingerprint. (**B**) Cell viabilities of RA-induced SH-SY5Y cells in the absence (Ctrl) or presence of B307 at indicated doses. The herbal formula B307 has no cytotoxicity in SH-SY5Y cells under treatment at a dose of less than 50 mg/mL (IC~50~ of B307 \>50 mg/mL).\
**Abbreviations:** AU, arbitrary perfusion units; HPLC, high-performance liquid chromatography; RA, retinoic acid.](cia-10-1173Fig1){#f1-cia-10-1173}

###### 

Life span, body weight, and motor ability of R6/2 HD mice and their WT under oral B307 and sham treatments.

**Notes:** (**A**) Survival durations of R6/2 HD mice were shorter than their WT but were increased under oral B307 treatment. (**B**) Body weight of R6/2 HD mice was significantly reduced as compared to their WT from 10 weeks of age and thereafter, while it had significantly increased under oral B307 from 10 weeks of age and thereafter. Furthermore, brain (cerebrum plus cerebellum) weight in the R6/2 HD mice had been significantly reduced as compared to their WT from 10 weeks of age and thereafter, while it had significantly increased under oral B307 from 10 weeks of age and thereafter. There were six mice per each group. (**C**) Latencies to fall in the R6/2 HD mice identified by rotarod testing were significantly lower than their WT from 10 weeks of age and thereafter, while they were significantly increased under oral B307 from 10 weeks of age and thereafter. There were six mice per each group. (**D**) Heart weight in R6/2 HD mice had been significantly reduced as compared to their WT (N=6) from 10 weeks of age and thereafter, while they were significantly increased under oral B307 from 10 weeks of age and thereafter. There were six mice per each group. Both H&E staining and IHC staining of mHtt aggregation were illustrated in the plot. Expressions of myocarditis (marked by arrows in H&E staining) and mHtt aggregation (marked by arrows in IHC staining) were remarkable in comparison to their WT but were reduced under oral B307 treatment. Values are mean ± SEM (\*\**P*\<0.01, \**P*\<0.05, two-way ANOVA followed by a Student--Newman--Keuls multiple comparisons posttest).

**Abbreviations:** WT, wild-type littermate controls; HD, Huntington's disease; H&E, hematoxylin and eosin; mHtt, mutant huntingtin; IHC, immunohistochemical; SEM, standard error of the mean; ANOVA, analysis of variance.
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![Cardiac performance in R6/2 HD mice under oral B307 and sham treatments, and of their WT.\
**Notes:** (**A**) Echocardiographic evidence shows systolic and diastolic cardiac performances in R6/2 HD mice under oral B307 and sham treatments, and in their WT. (**B**) Quantified cardiac performances in (a) left ventricular fractional shortening, (b) ejection fraction, (c) maximal mitral valve blood flow velocity, (d) maximal aortic valve blood, and (e) stroke volume of R6/2 HD mice were significantly reduced in comparison to their WT, while they were significantly enhanced under oral B307 treatment. There were six mice per each group. Values are mean ± SEM (\*\**P*\<0.01, \**P*\<0.05, two-way ANOVA followed by a Student--Newman--Keuls multiple comparisons posttest).\
**Abbreviations:** WT, wild-type littermate controls; HD, Huntington's disease; MV, mitral valve; AV, aortic valve; SEM, standard error of the mean; ANOVA, analysis of variance.](cia-10-1173Fig3){#f3-cia-10-1173}

![Expressions of 3-NT and 4-HNE, two markers of oxidative stress, and SOD2, a marker of antioxidative stress, in the heart tissue of R6/2 HD mice under oral B307 treatment, and of their WT.\
**Notes:** (**A**) IHC staining illustrates that expressions of 3-NT and 4-HNE (shown in brown) were remarkably higher in comparison to their WT but were reduced under oral B307 treatment. Further expressions of SOD2 (shown in brown) were weaker than their WT but were enhanced under oral B307 treatment. Scale bars: 25 μm. (**B**) Western blotting analysis shows the following: (a) Cardiac expression levels of 3-NT, SOD2, and 4-HNE in R6/2 HD mice under sham and oral B307 treatments, and of their WT. (b) Quantified cardiac 3-NT and 4-HNE levels in R6/2 HD mice were significantly enhanced in comparison with their WT but were significantly weaker under oral B307 treatment. Further quantified cardiac SOD2 levels in R6/2 HD mice were significantly weaker than their WT but were significantly enhanced under oral B307 treatment. There were six mice per each group. Values are mean ± SEM (\*\**P*\<0.01, \**P*\<0.05, two-way ANOVA followed by a Student--Newman--Keuls multiple comparisons posttest).\
**Abbreviations:** WT, wild-type littermate controls; HD, Huntington's disease; 3-NT, neurotrophin-3; SOD2, superoxide dismutase 2; 4-HNE, 4-hydroxynonenal; IHC, immunohistochemical; SEM, standard error of the mean; ANOVA, analysis of variance.](cia-10-1173Fig4){#f4-cia-10-1173}

![Expression of TNF-α, a marker of inflammation, in the heart tissue of R6/2 HD mice under oral B307 treatment, and of their WT.\
**Notes:** (**A**) IHC staining illustrates that expressions of TNF-α (shown in brown) were remarkably higher in comparison to their WT but were reduced under oral B307 treatment. Scale bars: 25 μm. (**B**) Western blotting analysis shows the following: (a) Cardiac expression levels of TNF-α in R6/2 HD mice under sham and oral B307 treatments, and of their WT. (b) Quantified cardiac TNF-α levels in R6/2 HD mice were significantly enhanced in comparison to their WT but were significantly weaker under oral B307 treatment. There were six mice per each group. Values are mean ± SEM (\*\**P*\<0.01, two-way ANOVA followed by a Student--Newman--Keuls multiple comparisons posttest).\
**Abbreviations:** WT, wild-type littermate controls; HD, Huntington's disease; TNF-α, tumor necrosis factor alpha; IHC, immunohistochemical; SEM, standard error of the mean; ANOVA, analysis of variance.](cia-10-1173Fig5){#f5-cia-10-1173}

![Expressions of Bcl-2, a marker of anti-apoptosis, and Bax and Cyto-C, two markers of apoptosis, in the heart tissue of R6/2 HD mice under oral B307 treatment.\
**Notes:** (**A**) IHC staining illustrates that expressions of Bcl-2 (shown in brown) were weaker than their WT but were enhanced under oral B307 treatment. Further expressions of Bax and Cyto-C (shown in brown) were remarkable in comparison to their WT but were reduced under oral B307 treatment. Scale bars: 25 μm. (**B**) Western blotting analysis shows the following: (a) Cardiac expression levels of Bcl-2, Bax, and Cyto-C in R6/2 HD mice under sham and oral B307 treatments, and of their WT. (b) Quantified cardiac Bcl-2 levels in R6/2 HD mice were significantly weaker than their WT but were significantly enhanced under oral B307 treatment. Further quantified cardiac Bax and Cyto-C levels in R6/2 HD mice were significantly enhanced in comparison to their WT but were significantly weaker under oral B307 treatment. There were six mice per each group. Values are mean ± SEM (\*\**P*\<0.01, \**P*\<0.05, two-way ANOVA followed by a Student--Newman--Keuls multiple comparisons posttest).\
**Abbreviations:** WT, wild-type littermate controls; HD, Huntington's disease; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein; Cyto-C, cytochrome C; IHC, immunohistochemical; SEM, standard error of the mean; ANOVA, analysis of variance.](cia-10-1173Fig6){#f6-cia-10-1173}

![Expressions of calpain and caspase 12, two markers of ER stress-related apoptosis, in the heart tissue of R6/2 HD mice under oral B307 treatment, and of their WT.\
**Notes:** (**A**) IHC staining illustrates that expressions of calpain and caspase 12 (shown in brown) were remarkable in comparison to their WT but were reduced under oral B307 treatment. Scale bars: 25 μm. (**B**) Western blotting analysis shows the following: (a) Cardiac expression levels of calpain and caspase 12 in R6/2 HD mice under sham and oral B307 treatments, and of their WT. (b) Quantified cardiac calpain and caspase 12 levels in R6/2 HD mice were significantly enhanced in comparison to their WT but were significantly weaker under oral B307 treatment. There were six mice per each group. Values are mean ± SEM (\*\**P*\<0.01, \**P*\<0.05, two-way ANOVA followed by a Student--Newman--Keuls multiple comparisons posttest).\
**Abbreviations:** WT, wild-type littermate controls; HD, Huntington's disease; ER, endoplasmic reticulum; IHC, immunohistochemical; SEM, standard error of the mean; ANOVA, analysis of variance.](cia-10-1173Fig7){#f7-cia-10-1173}

![Expressions of caspase 9 and caspase 3, two markers of apoptosis, in the heart tissue of R6/2 HD mice under oral B307 treatment and of their WT.\
**Notes:** (**A**) IHC staining illustrates that expressions of caspase 9 and caspase 3 (shown in brown) were remarkable in comparison to their WT but were reduced under oral B307 treatment. Scale bars: 25 μm. (**B**, **C**) Western blotting analysis shows the following: (a) Cardiac expression levels of caspase 9 and caspase 3 in R6/2 HD mice under sham and oral B307 treatments, and of their WT. (b) Quantified cardiac caspase 9 and caspase 3 levels in R6/2 HD mice were significantly enhanced in comparison to their WT but were significantly weaker under oral B307 treatment. There were six mice per each group. Values are mean ± SEM (\*\**P*\<0.01, \**P*\<0.05, two-way ANOVA followed by a Student--Newman--Keuls multiple comparisons posttest).\
**Abbreviations:** WT, wild-type littermate controls; HD, Huntington's disease; IHC, immunohistochemical; SEM, standard error of the mean; ANOVA, analysis of variance.](cia-10-1173Fig8){#f8-cia-10-1173}

![The schematic diagram illustrates the possible cardioprotective pathways under oral B307 treatment.\
**Notes:** Cardioprotection in R6/2 HD mice under B307 treatment may be promoted via attenuating oxidative stress (marked by increasing expression of SOD2), anti-apoptosis (marked by increasing expression of Bcl-2), reducing mHtt aggregation, oxidative stress (marked by reducing expressions of 3-NT and 4-HNE), inflammation (marked by reducing expression of TNF-α), ER stress-related apoptosis (marked by reducing expressions of calpain and caspase 12), and mitochondrial dysfunction-related apoptosis (marked by reducing expressions of Bax, Cyto-C, caspase 9, and caspase 3) in heart tissue.\
**Abbreviations:** mHtt, mutant huntingtin; SOD2, superoxide dismutase 2; ROS, reactive oxygen species; 3-NT, neurotrophin-3; 4-HNE, 4-hydroxynonenal; TNF-α, tumor necrosis factor alpha; ER, endoplasmic reticulum; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein; Cyto-C, cytochrome C; ER, endoplasmic reticulum; WT, wild-type littermate controls; HD, Huntington's disease.](cia-10-1173Fig9){#f9-cia-10-1173}
